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PRODUCTIVITY OF SOILS
IN THE NORTH CENTRAL REGION
THE
TWELVE CONTIGUOUS STATES OF THE NORTH CENTRAL REGION
of the United States, shown on the cover, comprise one of the most
productive agricultural areas in the world. These states include the most
intensive grain and livestock producing areas in the United States. The
1959 census reported 238 million acres of cropland in these twelve
states. This is 53 percent of the cropland in the nation. This cropland
produced 76 percent of the corn, 80 percent of the oats, 58 percent of
the wheat, and 71 percent of the soybeans grown in the United States
in 1959. Grain and forage from this cropland, plus pasture from 114
million acres, provided feed for 76 percent of the hogs and 45 percent
of the cattle in the United States, including dairy cattle which produced
51 percent of the dairy products of the nation. The productive agricul-
ture in this region is due to a combination of high-quality soils, predomi-
nantly favorable climate, and skillful management. The North Central
Region also includes considerable acreage which is agriculturally less
productive because of unfavorable climate or soils.
Information concerning the distribution and characteristics of the
major soils in the area was published in Soils of the North Central
Region of the United States, which was issued as North Central
Regional Publication 76
1
by the twelve state agricultural experiment
stations in this region and the U.S. Department of Agriculture.
Some important characteristics of climate in different parts of this
region are shown in Figure 1. Climate influences the kinds of soils
present in an area and the crops adapted to various areas, as well as
the yields of those crops. For example, oats can be grown throughout
the North Central Region, but they are much better adapted, produce
higher yields, and are more widely grown in the cooler northern part
of this area. Major land uses and types of farming areas in the North
Central Region are shown in Figure 2.
Crop yield information is used regularly by farmers, farm managers,
land appraisers, agricultural businesses, various agricultural programs,
and others to develop and execute plans for individual farms, trade
areas, and large administrative areas. Efficiency of crop production
1 This publication may be purchased at $2.00 per copy from each of the
agricultural experiment stations in the North Central Region.
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and of the farm enterprise is related to levels of crop yields. Therefore
the economic level of crop production in relation to soil types is of
vital concern to the agricultural economy of the North Central Region.
The rapid increase in crop yields in recent years has stimulated wide-
spread interest in the extent to which weather cycles and various
technological improvements, such as fertilizers, improved crop vari-
eties, and other management factors, have influenced crop yield trends.
The specific objectives of this publication are to:
1. Indicate the productivity of important soils for adapted crops
grown under two specified management levels in the North Central
Region of the United States. The distribution and major character-
istics of the soils for which crop yields are listed in this publication
are given in North Central Regional Publication 76.
2. Increase the usefulness of soil and crop information in the North
Central Region for local and regional planning with a wide range of
possible applications.
3. Provide a yardstick for comparing one soil with another, and
help interested persons determine realistic productivity levels on indi-
vidual farms and in various parts of the North Central Region.
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Average climatic conditions in the North Central Region. (Figure 1)
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Major land-use and type-of-farming areas in the North Central Region. The
letters and their numerical subdivisions are explained as follows: B beans
(navy), winter wheat, sugar beets, and dairying; C cotton; D (dairying):
Dl dairying, hay, and livestock, D2 dairying and potatoes, D3 dairying
and livestock, D4 specialized dairying (milk and cheese), D5 dairying,
small grains, hay, and corn, D6 dairying, poultry, and truck, D7 dairying,
livestock, and poultry, D8 dairying and truck; F (forestry): Fl for-
estry, dairying, and potatoes, F2 forestry, livestock, and special crops
(fruit, vegetables, tobacco); G grain and pasture; I irrigated (livestock
and specialized crops); L (livestock and feed grains, Corn Belt): Ll corn
and livestock, L2 cattle feeding and hogs, L3 livestock, grain, and dairy-
ing, L4 livestock, pasture, and grain, L5 cash grain (corn, oats, and soy-
beans), L6 hogs and dairying, L7 cash grain (corn, soybeans, and winter
wheat), L8 cash grain, dairying, and livestock, L9 corn, winter wheat,
and truck, L10 livestock and cash grain; R (range livestock): Rl stock
farms, R2 range livestock and winter wheat, R3 range livestock; SG
seasonal grazing; T (truck and fruit): Tl truck, dairying, and fruit, T2
fruit and mixed farming; W (spring wheat): Wl spring wheat and range
livestock, W2 spring wheat, W3 spring wheat and flax, W4 spring
wheat and general farming (corn, flax), W5 spring wheat and general
farming (flax, potatoes); WW winter wheat and livestock. (Figure 2)
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4. Facilitate the interchange of crop yield data among states of the
North Central Region, and unify concepts of the productivity of im-
portant soils under specified management in the region.
ESTIMATED CROP YIELDS FOR IMPORTANT SOILS
The crop yield estimates in Table 3, which starts following page 15,
are for some of the soils covering extensive areas in the North Central
Region under average management and a high level of management.
The significance of these estimates and their potential utility are dis-
cussed in the following paragraphs.
These crop yields are averages for 10 years, 1954 through 1963,
adjusted for the upward trend in yields to the end of this period. Data
for 10 years are needed to obtain fairly stable averages. Shorter
periods may not reflect the usual range in weather and associated
crop yields. Annual crop yields for a specific soil and management
level may range from 20 percent above to 20 percent below the
averages in Table 3, and occasionally they may fall outside this range
for growing seasons with unusual weather.
The average crop yield estimates in Table 3 are for only the most
extensive soils in the soil associations shown on the soil map in North
Central Regional Publication 76. That publication includes information
concerning the characteristics and broad patterns of distribution of
soils listed in Table 3 of this publication, and therefore these two pub-
lications should be used together. A detailed soil map should always be
used to determine soil types and phases on small tracts of land, such as
farms or small groups of farms. Listed beside each soil included in
Table 3 of this publication is the soil association area or areas in which
it occurs on the map in North Central Regional Publication 76. Each
soil association includes soils other than those listed. Crop yield esti-
mates for soils not listed in Table 3, together with their management
needs, may be obtained from local offices of state agricultural agencies
and universities, and the U.S. Department of Agriculture. The average
crop yield estimates in Table 3 are given for only a limited slope range
for each soil type. Suggestions for estimating crop yields on other slope
ranges or more widely divergent soil and environmental conditions are
given in the section on "Adjusting Crop Yield Estimates for Different
Soil, Climate, and Management Situations" (page 11). The estimated
yields for soils that occur in several states may differ somewhat from
one state to another because of possible variations in climate or the
levels of treatment and management that may be used. For example,
1965] PRODUCTIVITY OF NORTH CENTRAL SOILS 7
corn yields on some soil types tend to increase as rainfall increases from
west to east across their area of occurrence. However, only one yield
estimate is given which is most nearly applicable to each soil through-
out its area of occurrence.
Management Levels
Many combinations of management practices are used with the
different crops, soils, and climatic conditions in the North Central
Region. Other factors, such as the type of farming or combination of
farm enterprises, the farm operator's preference, and economic rela-
tionships between production costs and crop prices, also influence the
management practices on individual farms.
It is important to recognize different levels of management and to
define them in a way that permits farm practices to be studied and
classified into their proper level for the widest possible application of
the information in this publication.
The crop yield data in Table 3 have little meaning unless the man-
agement practices necessary to obtain the yields are also considered.
Some of the essential differences between average and high manage-
ment levels are discussed below.
High Management Level
The high management level results in superior and well-coordinated
crop and soil management practices from which production approxi-
mates 90 percent of the long-time average crop yields obtained from
experimental plots on which fertilization and other practices were de-
signed to achieve near maximum production. This management level
is within the reach of all farmers, but at present only about 10 percent
of the farmers have achieved this production level on a continuing
basis.
High-level management includes the optimum application of su-
perior practices adapted to different crops, soils, and climatic condi-
tions. Such practices include adequate surface or internal drainage
and protection from flooding where needed, erosion control, optimum
tillage, planting the correct kind and amount of high-quality seed, and
controlling weeds, diseases, and harmful insects. Favorable soil reac-
tion (about pH 6.5 to 7.0 for most crops) and optimum levels of
available phosphorus and potassium are maintained for various crops
by applying limestone, phosphate, and potash according to soil tests
and previous treatment. High-level management also includes efficient
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use of crop residues, barnyard manure, and green-manure crops, to-
gether with cropping systems designed to control erosion, maintain
optimum soil organic matter levels, and facilitate the production and
utilization of nitrogen in soils. Soil nitrogen supplies are supplemented
with nitrogen fertilizers as needed. Crops are harvested with only
minimal loss. Rotation grazing and protection of alfalfa from grazing
after September 1 in the northern part of the Region and after Sep-
tember 15 in the southern part are examples of important forage
management practices. All of these practices are combined efficiently
and in the most timely manner to create the best possible growing con-
ditions for each crop within limits imposed by weather. Since condi-
tions vary from one growing season to another and from field to field,
great skill and careful attention to details are required to achieve a
consistently high level of management.
In this publication, irrigation is not included in high-level manage-
ment except on a few soils listed in Table 3 for which this practice is
designated.
The specific practices needed for a high level of management differ
not only for various soils but also for different crops. Experienced
personnel are available in all states of the North Central Region for
consultation on specific management practices adapted to different
crops and soil conditions. The following specific practices illustrate
what is needed for high-level management with corn, the most widely
grown crop in the Region. Timely and careful application of these
practices is essential to achieve a high level of management.
1. Application of fertilizers on the basis of soil tests, cropping
history, and the yield level expected from the soil.
2. Return of organic matter to the soil in crop residues and barn-
yard manure.
3. Maintenance of optimum soil structure by minimizing tillage
operations and traffic and by confining them to periods when soil
moisture conditions are favorable.
4. Growing of corn hybrids that are best adapted to the soil and
climatic conditions, and at populations recommended to achieve the
desired yield goal.
5. Control of erosion and flooding and providing of adequate
drainage.
6. Control of weeds, diseases, and harmful insects.
7. Harvesting of corn, when mature, to minimize losses.
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Average Management Level
Average management is denned here as the average of all types of
management on all farms on a particular kind of soil for a ten-year
period. Data from the Cooperative Crop Reporting Service, farm
records, and selected experiments were used to estimate average crop
yields and associated management practices.
Average management includes the use of limestone and fertilizers,
but soil reaction and available nutrients are often inadequate or not
properly balanced for optimum crop yields. Some erosion control and
drainage improvements have been made, but more are commonly
needed. Cropping systems, plant populations, organic matter supplies,
and soil physical condition may be below levels needed for optimum
crop yields. Cultural practices such as tillage, use of good adapted seed,
and control of weeds, diseases, and harmful insects may not be ade-
quate. More attention should be given to timely application and the
proper combination of improved practices.
Average management is practiced by many farmers because of
limited capital or lack of experience or knowledge. Average manage-
ment practices do not produce optimum crop yields. The potential
rewards for a high level of management compared with average man-
agement may be assessed from the average differences in crop yields
and associated differences in production costs. The yields with average
management are a better guide for most agricultural land evaluation
purposes than yields with a high level of management that depend so
much on a superior manager.
Woodland Management
Production and growth of forest crops listed in Table 3 apply to
well-stocked stands of adapted trees under a high level of manage-
ment. Many woodland areas currently produce far below their po-
tential because of inadequate stands of desirable trees, non-usable
material in stands, declining growth of overmature trees, and damage
by fire, grazing, diseases, and harmful insects. Many existing wood-
lands may require several years of improved management before they
approach the production and growth rates listed in Table 3.
High-level woodland management aims to produce and harvest the
most profitable amount of high-quality wood crops as rapidly as soil
and climatic factors permit without impairing the productivity of the
site. Growing and harvesting the maximum amount of wood crops
require strict control of trees throughout their life and intensive use
of practices designed to:
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1. Maintain optimum stands of trees per acre.
2. Encourage desirable species and eliminate cull trees by selective
cutting.
3. Remove merchantable products in improvement cuttings, thin-
ning, and salvage, and fully utilize harvested material.
4. Plant adaptable tree species where desirable species do not re-
produce naturally in open areas.
5. Protect from fires and livestock grazing.
6. Control diseases and harmful insects.
Detailed information concerning forest management is available
from the U.S. Forest Service, Soil Conservation Service, and from
forestry departments within various state agricultural experiment sta-
tions, state departments of conservation or agriculture, and universities.
"Hardwoods" and "conifers," as used in Table 3, refer to commer-
cial species that commonly occur or are recommended for planting on
the soil types indicated. For example, on Seaton silt loam, "hardwoods"
refer primarily to oaks and hickory. Individual tree species are listed
for which more specific data are available.
Limitations of Crop and Woodland Yield Estimates
The average crop yield estimates in Table 3 are for a ten-year
period adjusted to 1963, and they will be valid only until technological
improvements change crop yield levels. Soil and crop management
research continually adds knowledge and new technology for soil treat-
ment and crop production. Increased knowledge of the physical and
chemical nature of soils permits greater understanding of soil manage-
ment needs and makes possible more precise predictions concerning soil
productivity and behavior under various types of use. As a result of
new knowledge concerning soils and crops, yields continue to increase.
Studies by L. M. Thompson1 and others have indicated that during the
past 10 to 30 years, annual per-acre yield increases have been about 3
percent of the average yield for corn and wheat and about 2 percent of
the average yield for oats and soybeans. Approximately one-half or
possibly more of the yield increases are due to improved technology;
the remainder appears to be due to more favorable than normal weather
during recent years, especially during the period from 1959 through
1 Weather and Technology in the Production of Corn and Soybeans. Report
17, Center for Agr. and Econ. Dev., Iowa State Univ. 60p. 1963.
Evaluation of Weather Factors in the Production of Wheat. Jour. Soil and
Water Cons. 17:149-156. 1962.
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1963. Crop yield estimates in Table 3 will need to be revised periodically
to reflect the results of improving crop and soil technology.
Woodland yield estimates in Table 3 are less exact than those given
for agronomic crops because trees grow slowly and fewer tree-growth
and production measurements have been made than for agronomic and
horticultural crops. Site conditions such as slope aspect and condition
of existing trees can cause yields for localized areas to be considerably
higher or lower than the estimates listed for any given soil.
ADJUSTING CROP YIELD ESTIMATES FOR DIFFERENT
SOIL, CLIMATE, AND MANAGEMENT SITUATIONS
The yield estimates presented in Table 3 are for specific kinds of
soil and management levels. They should serve as benchmarks for pre-
dicting yields of other soils under various management conditions. Crop
yield adjustments can also be made for different soil type-slope-erosion,
climate, and management conditions within a soil series.
Effect of Climate
Most soils given in Table 3 occur in a rather limited geographic
area and require little if any adjustment for differences in climate with-
in their area of occurrence in the North Central Region. Figure 1
(page 4) indicates the different climatic conditions in the North Cen-
tral Region.
1 Semi-arid conditions prevail in the extreme western area
while the eastern half of the area is humid. Wheat and sorghum are
the principal grain crops in the drier areas while corn is the principal
grain crop east of eastern Kansas, Nebraska, and South Dakota (Figure
2, page 5).
The influence of climate on yield is primarily between rather than
within soil series. For example, most of the corn yield difference be-
tween Muscatine, 106 bushels per acre (Areas A13 and A142 ), and
Marshall, 87 bushels per acre (Area A12), or between Miami, 88 bush-
els per acre (Areas F15 and G5), and Hayden, 66 bushels per acre
(Areas F13 and F14), are due to differences in climate, primarily rain-
fall. For some large or widely distributed soil areas, such as A7 on
Clarion, Nicollet, and Webster, or Q3 on Genesee, Huntsville, and
1
Additional information is given in "Precipitation Probabilities in the North
Central States," North Central Regional Publication 115. 1960.
2 These and other soil association areas in this paragraph are shown on the
map found in "Soils of the North Central Region of the United States," North
Central Regional Publication 76. 1960.
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Wabash (when protected from overflow), crop yields will be higher
in the more favorable climatic areas and lower in the less favorable
areas of their occurrence (see Figure 1) than those given in Table 3. In
the Podzol region, as in associations K8, K10, and K15, corn and winter
wheat are not adapted to areas with the shortest growing seasons.
Effect of Management
To obtain sustained high yields, the intensity of cropping, the fer-
tility program, the conservation measures, and the management ability
of the operator must be in proper balance with prevailing soil and
climatic conditions. As the frequency of row crops in a cropping sys-
tem increases, the management level must also improve to obtain yields
given for the high level of management. The relative effects of crop-
ping systems on estimated corn yields in Iowa are given in Table 1.
When adequate nitrogen is used with other necessary soil management
practices, continuous corn may yield as much or more than corn grown
in the best crop rotations without supplemental nitrogen. On soils
where there is considerable freedom of choice in cropping systems,
economic considerations will determine the cropping system selected.
Some of the best managers are obtaining average yields above those
given in Table 3 under high management.
Table 1. Relative Effect of Cropping Systems
on Estimated Corn Yields in Iowa*
Cropping
system 6
1965] PRODUCTIVITY OF NORTH CENTRAL SOILS 13
Effect of Slope
Some of the yields in Table 3 are given for several slope classes
within the same soil type or series; however, most of the yields are
given for only one slope class. Slope influences yields in various ways
such as rate of erosion, the amount of water that infiltrates the soil,
ease of farming with large equipment, and frequency of non-crossable
drainageways or field size. The influence of slope per se on yield is
difficult to evaluate.
As slope increases, erosion rates also increase. Large quantities of
soil and plant nutrients are lost when erosion is not controlled. In
addition, where erosion has taken place the properties of the subsoil
become more important and those of the natural surface become less
important. Yields on sloping land are also commonly reduced by lower-
ing the stand due to rilling, sheet erosion and siltation, or failure to
adjust and operate equipment properly on steep slopes.
The percentage of rainfall that infiltrates the soil commonly de-
creases as slope increases, particularly with high-intensity rains. As
soil on steeper slopes erodes, subsoil that often has a lower infiltration
rate than the original surface horizon is exposed.
On slopes greater than about 10 to 14 percent, the aspect or direc-
tion of slope becomes important. Slopes facing south and west have
higher temperatures and lose more water by evaporation than slopes
facing north and east. These differences in micro-climate are apparent
in the native vegetation, particularly trees and grasses.
Large modern machinery is adapted to nearly level and gently slop-
ing fields. As slope increases the size of machinery that can be used
efficiently decreases. Therefore the economies of large-scale operations
may not apply to fields having slopes much above 5 to 8 percent.
The frequency of non-crossable drainageways or gullies commonly
increases as slope increases. These physical features limit field size
and increase the expense of farming sloping land. Modern conserva-
tion practices permit one to minimize hazards of sloping land when the
subsoil is favorable and slopes are long and uniform.
Effect of Surface Soil Thickness
Soils in the North Central Region vary considerably in the thickness
of their surface (A) horizons. Forested soils common in the eastern
and northern areas have thin, dark surface horizons and light-colored
subsurface horizons (which are mixed when cultivated), while soils in
the central and west-central areas have thick, dark surface horizons.
Some of the natural surface soil has often been lost through ero-
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Table 2. Relationship Between Corn Yields,' 1946 and 1947,
and Thickness of Surface (A) Horizons and Texture of Sub-
soil (B) Horizons as Illustrated by Two Dark-Colored Soils
(perct.'ogxtaum (perct^ogirnun,
16.. 100 100
14 97 93
12 94 85
10 91 76
8 87 67
6 83 57
4 79 43
Odell, R. T. Measurement of the productivity of soils under various environmental
conditions. Agron. Jour. 42:282-292. 1950. With adequate N, the yield decrease would be
less severe than shown here; however, the difference between soils would persist.
b Tama silt loam has a silty clay loam subsoil with a clay content of approximately 31
percent.
c Swygert silt loam has a silty clay subsoil with a clay content of approximately 49
percent.
sion, particularly on cultivated areas having slopes steeper 'than 5 per-
cent. As soil erodes, the properties of the subsoil become more
important, and much of the natural and applied fertility in the former
plowed layer is permanently lost from the soil. Therefore fertility
costs are usually higher for eroded than for non-eroded soils. Although
the total decrease in yield due to erosion is difficult to determine, it is
more severe for soils having subsoils high in clay content (greater than
35 percent) than for soils having subsoils medium to low in clay con-
tent (less than 35 percent), as indicated in Table 2. Fine-textured sub-
soils are difficult to till and to prepare into satisfactory seedbeds. Eroded
soils with fragipan subsoils are usually low in productivity. Many
loam, silt loam, and silty clay loam textured subsoils may form reason-
ably good seedbeds and have favorable permeability and consistence.
The soils listed in Table 3 have not been evaluated in terms of the
desirability of subsoil characteristics. This information is available for
some soils in North Central Regional Publication 76 and in publica-
tions of the individual states.
Other Adjustments
Other hazards that may influence crop yields on soils listed in Table
3 include: flooding frequency and duration, inadequate drainage, low-
intensity land use along drainage ditches and non-crossable drainage-
ways, inaccessibility, stoniness and rock outcrops, soil depth, alkalinity,
and frost damage. Such hazards must be evaluated and suitable adjust-
ments in crop yields should be applied for individual tracts or fields.
TABLE 3
Estimated Average Annual Acre Crop Yields
Under Two Levels of Management
On Important Soils of the North Central Region
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